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® Phenylalkanolamlne derivatives as antagonists of the NMDA receptor. 

© Compounds of the formula 



wherein 

R is hydrogen, hydroxy, or aryl lower alkyloxy; 
X is hydrogen; 
Y is hydroxy or hydrogen; 
or both X and Y taken together are oxygen; 
Z is aryl lower alkyl; and 
m is an integer from 1 to 4 

or a diastereomer or an enantiomer thereof, except the R,R diastereomer of formula I, wherein X is 
hydrogen, Y is hydroxy, R is benzyfoxy, Z is benzyl, and m is 1, or pharmaceutical^ acceptable salts thereof, 



CO reduce adverse effects of toxic injury to central neurons and thus are useful in the treatment of ischemia, stroke, 
q hypoxia and are NMDA receptor antagonists. 
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The Invention refates to compounds of the formula 




(CH a )„ 



10 wherein 

R is hydrogen, hydroxy, or aryl lower alky foxy; 

X is hydrogen; 

Y is hydroxy or hydrogen; 
or both X and Y taken together are oxygen; 
75 Z is aryl lower alkyl; and 

m Is an integer from 1 to 4 

or enantiorners or diastereomers thereof, except the R,R diastereomer of formula I, wherein X is 
hydrogen, Y is hydroxy, R is benzyloxy, Z is benzyl, and m is 1, 
or pharmaceutical acceptable salts thereof. 
20 The compounds of formula I may contain two asymmetric centers at the «- and jS-positions, Accord- 
ingly, the compounds of formula I can be diastereomers, that is, erythro (R*,S*) or threo (R*,R*) isomers. 

As used herein, the terms "erythro" and "threo" refer to the relative configurations of the hydroxy, when 
present, and the methyl substituent, at the a- and tf-positions of the compounds of formula r and I" as 
shown below, which are racemates. However, the emantiomers of the erythro and threo racemates of 
25 formula F and II" are part of the invention. 



30 



OH 



F-(+)-eiythro 




F~(±)-threo 



35 The compounds of formula I, reduce adverse effects of neurotoxic injury and thus are useful in the 
treatment of neurodegenerative diseases, such as, stroke, ischemia, hypoxia, hypoglycemia, epilepsy, and 
the like. 

Objects of the present invention are the compounds of formula I and their pharmaceutical^ acceptable 
salts per se and for use as therapeutically active substances, the manufacture of these compounds, 

40 medicaments containing these and the manufacture of such medicaments, as well as the use of compounds 
of formula I and their pharmaceutically acceptable salts in the control or prevention of illnesses or in the 
improvement of health, especially in the control or prevention of neurodegenerative diseases, such as 
stroke, ischemia, hypoxia, hypoglycemia, epilepsy, and the like. Objects of the invention are also intermedi- 
ate compounds of formulas Vli, VIII, XII, XIII, XIV and XV. 

45 in another aspect, the present invention relates to a method of reducing adverse effects of toxic injury 
to central neurons which comprises administering to a host in need of such treatment an effective amount 
of a compound of formula I. 

The following definitions of the general terms used in the present description apply irrespective of 
wether the terms in question appear alone or in combination. 

so As used herein, the term "alkyf", either alone or in combination, denotes a straight or branched-chain 
alky I group containing from 1 to 7 carbon atoms, preferably 1 to 4 carbon atoms, for example, methyl, ethyl, 
propyl, isopropyl, butyl and the like. The term "aryl", either alone or in combination, denotes a group 
derived from an aromatic hydrocarbon, such as, for example, phenyl or naphthyl, preferably phenyl, which 
may be unsubstituted or substituted by one or more substituents selected from alkyl, alkoxy, hydroxy or 

55 halogen, preferably hydroxy or halogen. 

The term "halogen" denotes chlorine, iodine, fluorine or bromine. The term "alkoxy" denotes an alkyl 
group, as defined earlier which is attached via oxygen atoms, examples of alkoxy groups are methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, tert.butoxy, and the like. 
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In preferred compounds of formula I, R is hydrogen or hydroxy, Y is hydroxy, Z is unsubstituted benzyl 
or phenylethyl and m is 1 or 2. 

In a particularly preferred embodiment of a compound of formula I, R is hydroxy, Y is hydroxy, Z is 
unsubstituted benzyl and m is 1. 

Exemplary compounds of formula I are: 

(R* a S*)-rac.-i3-Methyl-a!-[4-(phenylmethoxy)phenyl]-4-(phenylmethyl)-1-p]peridinepropanol; 

(R*,S*)-rac.-a-(4-hydroxyphenyl)-jS-methyl-4-(phenyfmethyi)-1-piperldinepropanol; 

rac.-4-[2-methyl-3-[4-{phenylmethyl)-1-prperidinyl]propyl]phenol; 

(R^S>rac.-o^-(4-hydroxyphenyl)-^-methyl-4-(phenylmethyl)-1-ptperidlnebutanol; 

rac.-4-[2-methyl-4-[4-(pheny]rnethyJ)-1-piperidinyl]butyl]phenol; 

(S)-2-methyl-1 -E4-(phenylmethoxy)phenyl]-3-[4-(phenylmethyl)-1 -piperidmyf]-1 -propanone; 
[R-(R*,S*)]-«-(4-hydroxyphenyl)-^-methyl-4-(phenylmethyl)-1-piperidinepropanof; 
[S-(R^S^]-a-(4-hydroxyphenylH-methy!-4-{phenylmethyl)-^piper]dtnepropanol; 
rac,-(2-methyl-3-phenylpropyi)-4-(phenylmethyl)piperidine; and 
{R^R^^rac-a-(4-hydroxyphenyl)-J8-rrlethyl-4-(phenylmethyl)-1-piperidinepropanoL 
Particularly preferred compounds of formula I are: 

(R* t S*)-raa-£*-{4-hydroxy phenyl)-0-methyf-4-(pheny imethyl)-1 -piperidi nepropanol ; 
[R-(R^S*)]-a-{4-hydroxyphenyl)-/3-rT^ethyl-4-(phenylmethyl)-1-p^per^dinepropano[; and 
[S-fR^SOl-a-f^hydroxyphenyO-^-methyl-^fphenylmethylJ-l-pipendinepropanol. 
In accordance with the present invention the compounds of formula I and their pharmaceutical 
acceptable salts can be prepared by a process which comprises 
a) for the manufacture of compounds of the formula 



R 0 x rv> * 

wherein R and Z are as above, 
reacting a compound of the formula 



O 




II 



wherein R is as above, 
with a compound of the formula 

"•CZ)- Z in 

wherein Z is as above, 
and with paraformaldehyde, or 

b) for the manufacture of compounds of the formula 1, wherein X and Y are hydrogen, catalyttcally 
hydrogenating a compound of the formula I, wherein X and Y taken together and are oxygen, tn the 
presence of a suitable catalyst such as palladium on carbon, or 

c) for the manufacture of compounds of the formula I, wherein X is hydrogen and Y is hydroxy, reducing 
a compound of the formula I, wherein X and Y taken together and are oxygen, with hydrogen in the 
presence of a suitable catalyst such as palladium on carbon, or with a complex alkali metal hydride, such 
as lithium aluminium or potassium borohydride, or 

d) for the manufacture of compounds of the formula 3, wherein X and Y are hydrogen, reducing a 
compound of the formula I, wherein X is hydrogen and Y is hydroxy with borane methyfsulfide complex, 
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or 

e) for the manufacture of compounds of the formula I, wherein R is OH, debenzylating a compound of 
the formula I, wherein R is benzyloxy, or 

f) for the manufacture of compounds of the formula I, wherein R is aryl lower alkoxy, reacting a 
s compound of formula I, wherein R is hydroxy, with a corresponding aryl alkylhallde, or 

g) for the manufacture of compounds of the formula I, wherein X and Y are taken together and are 
oxygen, oxidizing a compound of the formula I, wherein X and Y are hydrogen or X is hydrogen and Y is 
hydroxy, or 

h) for the manufacture of compounds of the formula I, wherein X and Y are hydrogen or X is hydrogen 
w and Y is hydroxy, reducing a compound of the formula 



75 




xvm 



wherein R t X, Y and Z are as above and ml is 1-3, 
20 with a complex alkali metal hydride or borane methylsulfide t or 

r) for the manufacture of compounds of the formula I, wherein R is hydrogen, dehalogenating a 
compound of the formula 



25 




IXX 



30 

wherein X, Y and Z are as above, and m is 1-4, 
with hydrogen in the presence of a suitable catalyst such as palladium on carbon, or 
j) for the manufacture of optically pure compounds of the formula I, resolving a racemic mixture into its 
enantiomeric components, or 
35 k) for the manufacture of racemic compounds of the formula I, wherein X and Y are taken together and 
are oxygen, racemteing a corresponding optically pure compound, and 
I) if desired, converting a compound of formula I into a pharmaceutical ly acceptable salt. 
The reaction conditions for the above process variants a)-l) are described In more details hereinafter in 
Reaction Schemes 1 -7 
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SCHEME 1 
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IA 



OH 



IB 



IH 



wherein R and Z are as described above. 

As set forth in Scheme 1 , a compound of formula IJ, a known compound, is reacted with a compound of 
formula III, a known compound, or which can be prepared by known methods, and paraformaldehyde to 
form a corresponding compound of formula IA. In carrying out this reaction, temperature and pressure are 
not critical. Generally, it is preferred to utilize temperatures from room temperature to 100 s , The reaction is 
usually carried out in water, ethanol or dimethylformamide, preferably dimethylformamfcJe. 

A compound of formla IA is reduced by catalytic hydrogenairon in the presence of palladium on carbon 
at room temperature in, preferably, ethanol and at 50 p.s.i. The racemic erythro isomer of formula IB can be 
isolated from the mixture by chromatography. 

A compound of formula IB can be reduced to a corresponding compound of formula IH by borane- 
methy [sulfide complex in tetrahycfrofuran. 
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Scheme 2 



o 




wherein Z is as described above and R 3 is aryl lower alkyloxy. 

A compound of formula 1A1 forms a mixture of racemic isomers, compounds of formulas IC and IF 
40 when reduced in the presence of a complex alkali metal hydride, such as, lithium aluminum hydride in 
tetrahydrofuran. Such a mixture can be separated by chromatography. The compounds of formulas fC and 
IF are debenzylated separately to the racemic erythro (R^S*) and threo (R*,R*) diastereomers, compounds of 
formulas ID and EG, respectively. The reaction is carried out by catalytic transfer hydrogenation using 10% 
palladium on carbon and ammonium formate in acetone at reflux temperature. The compound of formula ID 
45 is converted to the racemic compound of formula IE by treating with borane-methylsulfide complex in 
tetrahydrofuran at reflux temperature. 

A compound of formula IE can be converted to a corresponding compound of formula IY by reacting 
with an ary! alkylhalide in acetone in the presence of potassium carbonate. 

50 



55 
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III 



VI 



o 
VII 



OH 



VIII 



O OH 



IJ 



wherein ml is 1-3, R 3 is aryl lower alkyloxy and Z is as described above. 

As set forth in Scheme 3, the compound of formula II, a known compound, is converted to a compound 
of formula V by treating with an alkyl haloester, such as, methyl bromoacetate, methyl 3-bromopropionate, 
methyl 4-bromobutyrate and the like in an organic solvent such as ather or tetrahydrofuran, preferably 
tetrahydrofuran in the presence of a condensing agent, such as, hexamethyldisilazide. Generally, it is 
preferred to carry out this reaction at from about -50* to about -78°. 

A compound of formula V is hydrofyzed by an alkali metal hydroxide, such as, sodium or potassium 
hydroxide, in tetrahydrofuran, to form the corresponding compound of formula VI, preferably at room 
temperature. 

A compound of formula Vf is condensed with a compound of formula III, a known compound or which 
can be prepared by known methods, in the presence of a coupling agent, such as, 1 ,3-dicyclohexylcar- 
bodiimideand 1 -hydroxy benzotriazole to form a corresponding compound of formula VII, Generally, this 
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reaction \s carried out in dimethylformamide at room temperature. 

A compound of formula VH is reduced to the corresponding compound of formula VIII, by hydrogenation 
in the presence of palladium on carbon in acetic acid at room temperature and preferably at 50 p.sl 

A compound of formula VIII is reduced to a corresponding compound of formula U with a complex alkali 
5 metal hydride, such as, lithium aluminum hydride or a di(lower-alkyl)aluminum hydride, such as, diisobutyf 
aluminum hydride. Preferably, the reaction is carried out in a tetrahydrofuran or ether solvent 

Alternatively, a compound of formula VI li is reduced to a corresponding compound of formula li by 
treating with boranemethylsulfide complex in tetrahydrofuran, preferably at room temperature. 

A compound of formula li can be oxidized to a corresponding compound of formula IK with chromic 
w acid in a solvent, such as, for example, acetic acid, water-acetic acid or pyridine. 

A compound of formula IK can be converted to a corresponding compound of formula IL by reacting 
with an aryl alkylhafide in acetone in the presence of potassium carbonate. 
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SCHEME 4 



o 




wherein Ha! is halogen, ml is 1-3 and Z is as described in the specification. 

As set forth in Scheme 4, a compound of formufa IX } a known compound or which can be prepared by 
55 known methods, can be converted to a corresponding compound of formula X by treating with an alky! 
haloester, such as, methyl bromoacetate, methyl 3-bromoproprionate, methyl 4-bromobutyrate and the like 
in an organic solvent, such as, ether or tetrahydrofuran, preferably, tetrahydrofuran in the presence of a 
condensing agent, such as, hexamethyldisilazide. 
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A compound of formula X can be hydrolyzed to a corresponding compound of formula XI by treating 
with alkali metaf hydroxide, such as, sodium or potassium hydroxide in tetrahydrofuran, preferably at room 
temperature. 

A compound of formula XI can be condensed with a compound of formula HI, a known compound or 
which can be prepared by known methods, in the presence of a coupling agent, such as, 1 ,3-dicyclohexyl- 
carbodiimide and 1 -hydroxy benzotriazole to form a corresponding compound of formula XI f. Generally, this 
reaction is carried out in dimethylformamide at room temperature. 

A compound of formula XII can be reduced to a corresponding compound of formula XIII by 
hydrogenation in the presence of palladium on carbon in ethanol at room temperature and preferably at 50 
p.s.L 

A compound of formula XIII can be reduced to a corresponding compound of formula IM by treating 
with a complex alkali metal hydride, such as, lithium aluminum hydride in tetrahydrofuran, preferably, at 
room temperature. 

Alternatively, a compound of formula XII can be reduced to a corresponding compound of formula XIV 
by potassium borohydride reduction in, preferably, a mixture of ethanol-acetic acid at room temperature. 

A compound of formula XIV can be reduced to a corresponding compound of formula XV with a 
complex alkali metal hydride, such as, lithium aluminum hydride or a di(loweralkyl)aluminum hydride, such 
as, diisobutyl aluminum hydride. Preferably, this reaction is carried out in a tetrahydrofuran or ether solvent. 

A compound of formula XV can be converted to a corresponding compound of formula IN by catalytic 
hydrogenation in the presence of palladium on carbon at room temperature and at 50 p.s.i. 

A compound of formula IN can be oxidized to a corresponding compound of formula 10 with chromic 
acid in a solvent such as acetic acid, water-acetic acid or pyridine. 



SCHEMES 



Hat 





XVI 



OH 



IP 




OH 




wherein Hal is halogen, and Z is as described above. 
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As set forth in Scheme 5, a compound of formula IX, a known compound or which can be prepared by 
known methods, is reacted with a compound of formula HE, a known compound or which can be prepared 
by known methods, and paraformaldehyde to form a corresponding compound of formula XVL Generally, 
the reaction is carried out in the temperature range of from room temperature to 100° and, preferably, in 
5 dimefhylformamide solvent 

A compound of formula XVI is reduced to a corresponding compound of formula IP by catalytic 
hydrogenation in the presence of palladium on carbon in a protonic solvent, such as, methanol, ethanol, 
preferably, ethanol, at room temperature under pressure of 50 p.s.i. 

Altenatively, a compond of formula XVI is reduced to a corresponding compound of formula XVII by 
w potassium borohydride reduction. 

A compound of formula XVII can be converted to a corresponding compound of formula IQ by catalytic 
hydrogenation in the presence of palladium on carbon at room temperature and at 50 p.s.i. in ethanol. 

The enantiomers and diastereomers of the compounds of formula I form another aspect of the 
invention. The resolution of a particular compound of formula IR, that is, rac-2-[methyl-1-[4- 
15 (phenylmethoxy) phenyl]-3-[4-(phenylmethyl)-1-plperidinyl)-1-propanol is shown in Scheme 6. The resolu- 
tion of other compounds of formula I may require, for example, other conventional resolving agents. 

The erthyro and threo racemates of formula 1 can be similarly resolved by using other conventional 
resolving agents. 

If desired, either enantiomer can be racemized, for example, as set forth in Scheme 7, for renewed 
20 resolution. 
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CVi 3 CKp / ^ IR 



10 




HO If 



50 

As set forth in Scheme 6, the compound of formula IR, prepared as provided in Scheme I, in acetone is 
treated with a resolving agent such as d-( + )-mandelic acid, which is also called (S)-cr-hydroxybenzoic acid, 
and the resulting solution is allowed to crystallize at about room temperature. The crystals are a salt of 
55 formula 1U 1 comprising the resolving agent and the ( + )-enantiomer of the compound of formula IR. The 
soluble salt is that of the (-)-enantiomer of the compound of formula IR in solution with the resolving agent 

The above solution is concentrated and the residue (-)-B(crude) d-(+)-MA, wherein MA is mandelic acid 
and B is a base, is treated in water with a base, such as, sodium hydroxide or more preferably with 
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concentrated ammonium hydroxide and the resulting suspension is extracted with an organic solvent such 
as, methylene chloride and concentrated to give the crude (-)-enantiomer. The crude (-)-enantiomer can be 
further purified by dissolving in hot acetone and treating the resulting solution with 1 -(-)-mandelic acid, also 
known as (R)-a-hydroxy benzoic acid. The crystals are a salt of formula IS 1 of the resolving agent and the (- 

3 )enantiomer of the compound of formufa IR. The salt can be suspended in water and treated with a base, 
such as, concentrated ammonium hydroxide, and the resulting suspension can be extracted with an organic 
solvent, such as, methylene chloride. The (-)-enanttomer of formula IS can be isolated from the solution by 
evaporation of the solvent and can be used for reduction to the compound of formula IT. 

The salt of formula IU 1 can be treated in water with a base, such as, sodium hydroxide or more 

10 preferably with concentrated ammonium hydroxide, then the aqueous suspension is extracted with an 
organic solvent, such as, methylene chloride and concentrated to obtain the (+)-enantiomer of formula IU, 
which can be used for reduction to the compound of formula IW. 

Compounds of formulas lU and IS are reduced to (-)-erythro and ( + )-erythro compounds of formulas IW 
and IT, respectively, by hydrogenation in the presence of palladium on carbon in acetic acid at room 

i5 temperature and 50 p.s.i. 



SCHEME 7 




wherein R and 2 are as described above. 

As set forth in Scheme 7, racemization of either enantiomer of formula la or lb can be carried out with 
45 an alkali metal hydroxide, such as, sodium hydroxide in an alcoholic solvent, such as, methanol, ethanol 
and the like, at reflux temperature. 

The compounds of formula I are active as non-competitive NMDA receptor antagonists and are 
therefore, useful as neuroprotecting agents, for example, in the treatment of injury to central neurons 
associated with ischemia, hypoxia, hypoglycemia, epilepsy, Huntington's disease or Ateheimer's djsease. 
so The activity of compounds of formula I can be demonstrated by the following: 

1. 3H-MK 801 (dizocilpine) binding In vitro 

Method 

55 

3 H-MK 801 binding was performed as described in Ransom, R.W. and Stec, N.L., J. Neurochem. 51 
(1988) 830-836, with extensively washed rat brain membranes prepared according to the following scheme. 
Frozen whole rat brain was thawed and cerebellum and medulla oblongata were removed on ice. The tissue 
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10 



15 



20 



was then homogenized with an Ultra Turrax (maximal energy) during 30 sec at 4*C in 50 volumes of 
Tris«HC1 (5mM) with ethylenediaminetetraacetic acid (EDTA) disodium (10 mM, pH = 7.4). The homog- 
enate was centrifuged at 48*000 x g for 10 min. The pellet was rehomogenized with the same volume of the 
same buffer and the homogenate was then incubated at 37 *C for 10 min. After centrifugation the pellet was 
rehomogenized under the same conditions and frozen at -80° C in 35 ml fractions for at least 16 hours and 
not more than 2 weeks. 

On the day of experiment, the homogenate was thawed 15 minutes at 37 °C and centrifuged as above. 
The pellet was rehomogenized in 25 volumes of Tris*HC1 buffer (5mM, pH = 7.4) and the homogenate 
was recenirifuged. This procedure was repeated twice. The final pellet was rehomogenized in 25 volumes of 
Tris-HCI buffer (5 mM, pH = 7.4) related to the original wet weight and used as such in the assay. Final 
concentration in the assay was 20 mg/ml, 

300 ill of tracer solution (final concentration 5 nM 3 H-MK 801) in Tris-HC1 buffer (5 mM, pH 7.4) were 
incubated with 100 ul of test solution {100 a\ of Tris* HC1 buffer for the total binding or 100 n\ of buffer plus 
N-(l-{2-thieny!)cyclohexyl)piperidine (TCP) (final concentration 0.1 juM) for non specific binding). Glutamate, 
glycine and spermidine (final concentrations 1nM) were added together in 100 ul volume. 500 til of 
homogenate (finaf concentration 20 mg/mJ) were then added in the plastic reaction tubes. After 2 hours of 
incubation at room temperature, the suspension was filtered (Whatmann GF/B, presoaked in 0.05% 
polyethylentmine for 2 hours) and washed 5 times with 3 ml of cold buffer. The air-dried (3 min) filters were 
counted in 10 mt of Ultima-gold (Packard) after agitation (10 min.) and standing for 2 hours at 3 4 C in vials. 

The results are set forth in Table I. 



TABLE I 



25 



30 



35 



Compound 


ICso UM 


Ex.5 


0,3 


Ex.6 


0.53 


Ex.7 


1.3 


Ex, 8 


0.005 


Ex, 9 


0.006 


Ex. 10 


0.15 


Ex, 12 


0.9 


Ex, 15 


0.0013 


Ex. 16 


0.003 


Ex. 21 


1.4 



40 



These are high affinity values determined from biphasic displacement curves. 
2. Acute Glutamate Neurotoxjcjty 
Method 



45 



50 



55 



Single cell suspensions were prepared from embryonic rat cortices (E16-17) by digestion with dispase 
2.4 U/ml (BOEHRINGER) and subsequent trituration with fire polished pasteur pipettes. The cells were then 
plated on poiy-D-lysine (SIGMA) coated 96 well microtiter pfates (NUNC, 10 5 cells/well) in a total volume of 
100 u\ Dulbeccos modified essential medium (DMEM, GIBCO) supplemented with 10% horse serum and 
penicillin/streptomycin (SIGMA). 5 days later, non-neuronal cell division was halted by exposure to 10" a 
cytosine arabinoside combined with a 50% exchange of culture medium. The cultures were used for 
neurotoxicity assays from 8-12 days in vitro. 

Acute glutamate toxicity was performed according to D.W. Choi. J. Koh and S. Peters, J. Neurosci. 8 
(1988) 185-196, in 100 ul of a control salt solution (CSS: 120 mM NaCI, 5.4 mM KCI, 0.8 mm MgC! 2l 1.8 
mM CaCfe, 25 mM Tris HCI (pH 7,4 at 25 °C) and 15 mM glycose) with 500 uM glutamate for 5 to 30 
minutes at room temperature with or without addition of substances to be tested. 

After washing, the cultures were maintained in 100 ul CSS overnight at 37 *C. For quantitation of 
neurodegeneration, lactate dehydrogenase was measured in the cell culture supernatant as described by 
J.G. Klingman, D.M. Hartley and D.W. Choi, J. Neurosci, Meth. 31 (1990) 47-51 using a BIOMEK 
workstation (BECKMAN). Percentage of neuronal degeneration was calculated taking the difference of 
unprotected and maximally protected cultures (with a reference NMDA-receptor antagonist) as 100%. From 
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dose response curves ICso values were calculated. 
The results are set forth in Table II. 

TABLE II 



Compound 


ICso UM 


Ex.5 


1.9 


Ex. 6 


3.5 


Ex.7 


64 


Ex.8 


0.04 


Ex.9 


0.11 


Ex.10 


0.12 


Ex. 12 


66 


Ex. 15 


0.06 


Ex. 16 


0.08 


Ex. 21 
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The compounds of formula I above form pharmaceuticaJly acceptable acid addition salts. Thus, the 
compounds of the present invention form pharmaceutical ly acceptable acid addition salts including, but not 
limited to HCI, HBr, HN0 3 , H 2 SO*, H 3 P04, CH 3 S0 3 H, CH 3 C 6 H 4 S0 3 H f CHgCCfeH, C 6 H 5 C00H, gufonic, 
tartaric, mandelic and succinic. 

The compounds of formula I and their salts, as herein described, can be incorporated into standard 
pharmaceutical dosage forms, for example, they are useful for oral or parenteral application with the usual 
pharmaceutical adjuvant material, for example, organic or inorganic inert carrier materials, such as, water, 
gelatin, lactose, starch, magnesium stearate, talc, vegetable oils, gums, polyalkyleneglycols and the like. 
The pharmaceutical preparations can be employed in a solid form, for example, as tablets, suppositories, 
capsules, or in liquid form, for example, as solutions, suspensions or emulsions. Pharmaceutical adjuvant 
materials can be added and include preservatives, stabilizers, wetting or emulsifying agents, salts to change 
the osmotic pressure or to act as buffers. The pharmaceutical preparations can also contain other 
therapeutically active substances. 

The daily dose of compounds of formula I to be administered varies with the particular compound 
employed, the chosen route of administration and the recipient. Representative of a method for administer- 
ing the compounds of formula I is by the oral and parenteral type administration route. An oral formulation 
of a compound of formula I is preferably administered to an adult at a dose in the range of from 150 mg to 
1.5 gm per day. A parenteral formulation of a compound of formula I is preferably administered to an adult 
at a dose in the range of from 5 to 500 mg per day. 

The invention is further illustrated in the following examples. 

EXAMPLE 1 

rac.-3- Methyl-4-oxo-4-[4-(phenylmethoxy)phenyi]butanoic Acid Methyl Ester 

To a solution of 5.5 ml (0.055 mol) of potassium hexamethyldisilazide (20 wt % in THF) in 20 ml of 
tetrahydrofuran chilled to -78 *C was added dropwise a solution of 12.0 g (0.05 mol) of 4-benzyloxy- 
propiophenone in 30 ml of tetrahydrofuran over a period of 20 minutes. After stirring at -78 'C for 1 hr, a 
solution of 9.0 g (0.06 mol) of methyl bromoacetate in 25 ml of tetrahydrofuran (dry) was added dropwise to 
the reaction mixture over a period of 30 minutes at -78 °C then stirred at this temperature for 1 hr and 
allowed to warm to room temperature. It was then poured onto 1N hydrochloric acid and extracted with 
ethyl acetate. The combined organic solutions were washed with brine, dried (MgSCX) and the solvent was 
removed under reduced pressure to give 19.2 g of crude racemic-3-methyl-4-oxo-4-[4-(phenylmethoxy)- 
phenyl] butanoic acid methyl ester, which was chromatographed on silica gel (300 g). Elution of the column 
with methylene chloride-ethyl acetate (8:2; v/v), fractions 12-35 after removal of the solvent afforded 7.1 g 
(42%) of racemic-3-methyl-4-oxo-4-E4-{phenylmethoxy)phenyl3 butanoic acid methyl ester b.p. 205-207 °C 
(0.2 mmHg). 
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EXAMPLE 2 

raa-3-Methy]-4-oxo-4-[4-(phenyimetlioxy)phenyl]butanQic Acid 

5 A mixture of 11.2 g (0-0046 mol) of racemiC'3-methyl-4-oxo-4-[4-(phenylrriethoxy)pheriyl]butanoic acid 
methyl ester, 120 ml of tetra-hydrofuran, 12 ml of water and 60 ml of 2N sodium hydroxide was stirred at 
room temperature for 3 hrs. The reaction mixture was diluted with water (30 ml) and extracted with 
methylene chloride. The organic phase was dried (MgSO*) and the solvent was removed under reduced 
pressure to give 11.1 g of crude racemic-3-methyl-4-oxo-4-[4-(phenylmethoxy)phenyl]butanoic acid, which 

w was crystallized from ethyl acetate to provide 9,6 g (69%) of racemiC"3~me1hyl-4-oxo-4-[4-(phenylmethoxy)- 
phenyl]butanoic acid, m,p, 147-148*0. 

EXAMPLE 3 

15 rac.-2-Methy 1-1 -[4-(pheny lmethoxy)pheny l]-4-I4-(pheny fmethy Q-1 -pi peridinyi]-1 ,4-butanedione 

A mixture of 8.0 g (0.0027 mol) of racemlc-3-methyl-4-oxo-4-[4-(phenylmethoxy)phenyl]butanoic acid, 
4,8 g {0.027 mol) of N-benzy!-piperidine, 6.4 g (0.031 mo!) of 1 ,3-dicyclohexylcarbodiimide and 4.0 g {0.029 
mol) of 1-hydroxybenzotriazole in 200 ml of dry dlmethyl-formamide was stirred at room temperature for 48 

20 hrs. The reaction mixture was poured onto 1N hydrochloric acid and the aqueous suspension was extracted 
with ethyl acetate. The organic extracts were washed with 2N sodium hydroxide* then brine and dried 
(MgSO*). Removal of the solvent gave a 14.7 g residue which was chroma-tographed on silica gel (220 g), 
Elution of the column with methylene chloride-ethyl acetate (90:10; v/v), fractions 7-15 after removal of the 
solvent afforded 9.8 g (80%) of racemic-2-methyM -[4- (phenyf-methoxy)phenylH-[4-(phenylme4hyl)-i- 

25 piperidinyl]-1 ,4-butanedione. Analytical sample was crystallized from ether, m.p. 99-100"C. 

EXAMPLE 4 

(R^S>rac.-4-Hydroxy-4-(4-hydroxyph 

30 

A solution of 4.0 g (0.0087 mol) of racemlc-2-methyl-1-E4-(phenylmethoxy)phenyl]-4-[4-(phenylmethyl)- 
1-piperidinyl]-1 ,4-butanedione in 125 ml acetic acid was hydrogenated with 1.5 g of palladium on carbon 
(10%) for 5.5 hrs at 50 psi at room temperature. The catalyst was filtered and the filtrate was concentrated 
at reduced pressure. The residue was partitioned between methylene chloride and dilute ammonium 
35 hydroxide. The organic extracts were washed with brine and dried (MgSO*). Removal of the solvent gave a 
3.1 g residue which was chromatographed on silica gel (110 g). The column was eluted with methylene 
chloride-ethyl acetate {2:8; v/v), fractions 23-34 after removal of the solvent gave 2.3 g of crude product 
which was crystallized from ethyl acetate-hexane to give 2,1 g (72%) of (R* > S*)-rac.-4-hydroxy-4-(4- 
hydroxy phenyl)-3-methy 1-1 -[4-(pheny Imethy f)-1 -piperidiny I ]-1 -butanone, m .p. 1 28-1 30 ° C. 

40 

EXAMPLE 5 

(R* ? S*)-rac.-a-(4-Hydroxyphenyl)-jg-methyl-4-(phenylmethyl)-1-piperidinebutanol 

46 To a mixture of 0.7 g (0.018 mol) of lithium aluminum hydride in 10 ml of tetrahydrofuran was added 
dropwtse a solution of 1.0 g (0.0027 mol) of (R*,S")-rac.-4-hydroxy-4-(4-hydroxyphenyl)-3-methyl-1-[4- 
(phenylmefhylH-piperidinylH -butanone in 25 ml of dry tetrahydrofuran over a period of 10 minutes. The 
mixture was stirred at reflux for 2 hrs then cooled to room temperature and decomposed by a dropwise 
addition of ethyl acetate followed by hydrochloric acid. The reaction mixture was partitioned between ethyl 
50 acetate and dilute ammonium hydroxide. The combined organic extracts were washed with brine, dried 
(MgS04) and the solvent was removed under reduced pressure to give 0.9 g of (R*,S*)-rac.-ot-(4- 
hydroxyphenyl)-j8-methyl-4-(phenylmethyl)-1-piperidinebutanol, which was crystallized from ethyl acetate to 
yield 0.6 g (63%) of pure base, m.p. 174-175" C. 

0.6 g (0.0017 mol) of the above base was treated with fumaric acid to give 0.7 g (86%) of (R'^-rac. -ce- 
ss (4-hydroxyphenyl)-£-methyl-4-(phenylmethyl) -1-piperidinebutanol»(E)-2-butenedioate as the hemihydrate, 
m.p. 90-92 'C. 
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EXAMPLE 6 

rac.-4-[2-Methyj-4-[4-(phenylfTiethyl)-1-piperidiny]]butyl3phenoL 

s To a solution of 1.0 g (0.0027 mo!) of (R*,S s )"rac.-4-hydroxy-4-(4-hydroxypheny!)-3-methyl-1-[4-(pheny]- 
methyl)-1-piperidinyl]-1-butanone in 30 ml of dry tetrahydrofuran was added dropwise over 10 minutes 3.3 
ml (0.043 mol) of borane-methyl sulfide complex. The reaction mixture was stirred at room temperature for 
0.5 hr then at reflux for 11 firs. It was cooled to room temperature and decomposed by a dropwise addition 
of 20 ml of methanol followed by 2 ml of concentrated hydrochloric acid, which was then heated at reflux 

10 for 2 hrs. After removal of the solvent, the residue was partitioned between methylene chloride and dilute 
ammonium hydroxide. The combined methylene chloride extracts were washed with brine, dried (MgSO*) 
and the solvent was removed to give 1,1 g of a residue, which was chromatographed on silica gel (35 g). 
Eiution of the column with ethyl acetate-methylene chloride (8:2, v/v) fractions 9-22 r after removal of the 
solvent gave the crude product, which was crystallized from ether to provide 0.75 g (83%) of raa-4-[2- 

15 methy l-4-[4-(pheny Imefhy l)-1 -pipertdinyl]buty Uphenol, m.p. 1 42-1 43 * C. 

0.4 g (0.001 mo!) of the above base in acetone on treatment with maleic acid afforded 0.3 g (67%) of 
rac.-4-[2-methyl-4-[4-(phenyl-meihyl)-1 -piperidiny l]butyl]pheno( • maleate, nvp. 1 42-1 43 ° C, 

EXAMPLE 7 

20 

(R*,S*)-rac.-j3-[vTethyl-cr-[4-(phenylmethoxy)phenylI-4-(phenylmethyl)-1-piperidinepropanol 

To a suspension of 0,5 g (0.013 mol) of lithium aluminum hydride in 15 ml of anhydrous tetrahydrofuran 
was added dropwise a solution of 1.0 g (0.0023 mol) of rac.-2-[methyl-1-[4-(phenylmethoxy)phenyl-3- [4- 

25 (pheny!methy])~1-piperidinyl]-1-propanone in 20 mi of anhydrous tetrahydrofuran over a period of 10 
minutes. The reaction mixture was stirred at room temperature for 1 hr T then it was decomposed by 
dropwise addition of 10 mi of ethyl acetate followed by 30 ml of brine. The mixture was extracted with ethyl 
acetate. The ethyl acetate solution was washed with brine, dried (MgSO+) and the solvent was removed 
under reduced pressure to give 0.9 g a mixture of the racemic erythro and threo diastereomers in a ratio of 

30 6:7. Chroma-tographic separation of the diastereomers was carried out on silica gel (60 g). Eiution of the 
column with the chloroform-methanoi-water-acetic acid [90:15:10:6; v/v], fractions 6 and 7 after removal of 
the solvent and crystallization from etherhexane gave 0.34 g (35%) of (R* ( S*)-rac.-jff-methyi-or-[4-(phenyl- 
methoxy)phenyl3-4-(pheny[methyl)-1-piperidine-propanol, m.p. 83-84 9 C, 

A sample of the above base, on treatment with hydrogen chloride (anhydrous) in ethanol yielded (R*,S> 

35 rac.-jS-methyi-a-[4-(phenyl-methoxy)phenyl]-4-(phenylmethyl)-1-piperidine propanol-HCl, m.p. 189-190 a C. 

EXAMPLE 8 

(R* > S*)-rac.'a-(4-hydroxypheny])-^-methy1-4-(phenylmethyl)-1-piperidinepropanol 

40 

A mixture of 0.8 g (0.0019 mol) of (R*,S*)-rac,-j3-methyl-tt-[4'(phenylmethoxy)pheny!l-4-(pheny!methyl)- 
1-piperidinepropanol, 0.8 g of ammonium formate and 0.8 g of palladium on carbon (10%) in 50 ml of 
acetone was stirred and refluxed for 1 hr. The catalyst was separated by filtration and the filtrate was 
concentrated under reduced pressure. The residue was partitioned between methylene chloride and dilute 
45 ammonium hydroxide. The methylene chloride extracts were washed with brine, dried (MgSOt) then the 
solvent was removed under reduced pressure and the residue (0.6 g) in acetone was treated with hydrogen 
chloride (anhydrous). The resulting crystals were collected by filtration, dried to give 0.4 g (56%) of (R*,S*)- 
rac.-a-(-4-hydroxy- phenyl)-j3-methyl-4-(phenylmethyl)-1-piperidinepropano!*HCI, m.p. 190-191 ft C. 

so EXAMPLE 9 

(R*,R>rac.-tt-(4-Hydroxyphenyl)-j3-methyl-4-(phenylmethyi)-1-piperidinepropanol . 

A mixture of 0.8 g (0.019 mol) of (R r ,R*)-rac,-jS-methyt-a-[4-(phenylmethoxy)phenyl]-4-(phenylmethyl)-1- 
55 piperidinepropanof, 0.8 g (0,012 mol) of ammonium formate and 0.8 g of palladium on carbon (10%) in 50 
ml of acetone was stirred and refiuxed for 1 hr. The catalyst was separated by filtration and the filtrate was 
concentrated in vacuo. The residue was partitioned between methylene chloride and dilute ammonium 
hydroxide. The organic extracts were washed with brine, dried (MgSO*) and the solvent was removed under 
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reduced pressure. The crude product 0.4 g was chromatographed on silica gel (28 g). Elution of the column 
with chloroform-methanol-water-acetone [90:15:10:6 (v/v)] f fractions 15-30, after removal of the solvent and 
crystallization of the residue from ether-hexane yielded 0.15 g (24%) of (R* 3 R>rac.-a-(4-hydroxyphenyl)-0- 
methyl-4-(phenyl-methyl)-1-piperidinepropanol, m,p. 132-133*C. 
6 0.5 g (0.0015 mol) of the above base and 0.17 g (0,0015 mol) of fumaric acid in ethanof afforded of 
^R^ac.-a-(4-hydroxyphenyl)-^methy!-4-(phenylme m.p. 118-119 * C. 

EXAMPLE 10 

10 rac.-4-[2'Methyl-3-i4-(phenylmethylh1-piperidinyl]butyl]phenoi. 

To a solution of 2.0 g (0.059 mol) of (R* l S 1 ')-rac.-a-(4-hydroxyphenyl)-jff-methyl-4-{phenylmethyl)-1- 
piperidinepropanol, in 60 ml of anhydrous tetrahydrofuran was added dropwise 6.6 mi (0.086 mol) of 
borane-methyl sulfide complex. The reaction mixture was stirred at room temperature for 0.5 hr then heated 

15 at reflux for 17 hrs and decomposed by dropwise addition 20 ml of methanol followed by 8.0 ml of 
concentrated hydrochloric acid. After refluxing the mixture for 2 hrs, it was concentrated in vacuo and the 
residue was partitioned between methylene chloride and dilute ammonium hydroxide. The organic extracts 
were washed with brine, dried (MgSO*) and the solvent was removed under reduced pressure to give 2.0 g 
of crude product which was crystallized from ether to provide 1.7 g (89%) of rac.-4-[2-methyl-3-[4- 

20 (phenylmethyl)-1-piperidinyl]propy]phenol, m.p. 119-120 • C. 

A sample of the above base, in acetone on treatment with hydrogen bromide (65%) gave rac.-4-[2- 
methyl-3-[4-(phenylmeihyl)-1-piperidinyl]propyl]phenol-HBr as the hemihydrate, m.p. 118-120°C. 

EXAMPLE 11 

25 

Resolution of rac.-2-methyl-1-[4-(phenylmethoxy)phenyt]-3-[4-(phenylmethyl)-1-piperidinyl]-1-propanone 

A mixture of 46.0 g (0.11 mol) of rac.-2-methyl-1-I4-(phenylmethoxy)phenyl]-3-[4-(phenylmethyl)-1- 
piperidinyl]-1-propanone and 16.3 g (0.11 mol) of d-( + )-mandelic acid in 280 ml acetone was heated on the 
$o steam bath until clear solution obtained, then seeded with a few crystals of ( + )-base d-(+)-mandelate and 
allowed to crystallize at room temperature for 18 hrs. The crystals were separated by filtration, washed with 
cold acetone and dried to yield 25.1 g (81%) of (S)-2-methyl-1-[4-(pheny!methoxy)phenyl]"3'[4-(phenyl- 
methyl)-1-piperidinyl>1 -propanone (1:1) molar (S)-a-hydroxybenzeneacetate, m.p. 135-137 a C, fcg 5 + 
42.1 * (C 1.00 methanol). 

35 

EXAMPLE 12 

(S)-2-Methyl-1 -[4-(phenylmethoxy)phenyl]-3-[4-(pheny Imethy l)-1 -piperidinyl]-1 -propanone 

40 (S)-2-Methy 1-1 -J4-(pheny lmethoxy)phenyl]-3-[4-(pheny Imethy l)-1 -piperidiny l]-1 -propanone (S)-a-hy drox- 
ybenzeneacetate, 25.1 g (0.043 mol) was suspended in wafer (80 ml) and decomposed with dilute 
ammonium hydroxide. The resulting suspension was extracted with methylene chloride (3x200 ml). The 
combined methylene chloride solutions were washed with water, dried (MgSCH) and removal of the solvent 
gave 17.4 g (94%) of (Sh2-methy[-1-[4-(phenylmethoxy) phenyl]-3-[4-(phenylmethyl-1-piperidinyl]-1-pro- 

45 panone, b.p. 225-230*C (0.05 mmHg), I«]g 5 + 10-9* {C 1.00 methanol). 

0.7 g (0.0016 moi) of the above base In ethyl acetate was treated with hydrogen chloride (anhydrous) to 
give 0.72 g (95%) of (S)-2- 

mefhyl-1-[4-(phenylmethoxy)phenyl]-3-[4-(phenylmethyl-1 -piperidinyl]-1 -propanone* HCI, m.p, 198-200 * C s 
[«]g 5 + 22.9' (C 1.00 methanol). 

50 

EXAMPLE 13 

(R)-2-Methyl-1 -[4-(pheny lmethoxy)pheny l]-3-[4-(pheny I methyl)-1 -piperidiny I]- 1 -propanone (1 :1) molar (R)-a- 
Hydroxybenzeneacetate 

55 

The mother liquors obtained after removal of (S)-2-methyi-1-[4-(phenylmethoxy)phenyl]-3-[4-(phenyl- 
methyl)-1 -piperidiny lj-1 -propanone • (S)-a-hydroxybenzeneacetate were taken to dryness and in water (200 
ml) was decomposed with dilute ammonium hydroxide. The resulting suspension was extracted with 
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methylene chloride (2x400 ml). The combined methylene chloride solutions were washed with water, dried 
(MgSO*) and removal of the solvent gave 26,8 g of crude (R)-2-methyl-1-[4-(pheny)methoxy)phenyl]-3-[4- 
phenylmethyl)-1 -piperi-dinyl]-1 -propanone. 26.8 g (0,062 mof) of the crude base and 9.49 g (0.062 mol) of 
l-(-)-mandelic acid in 160 ml of acetone was heated on the steam bath until a clear solution was obtained, 

5 then seeded with a few crystals of (R)-2-methyl-1-[4-(phenylmethoxy)phenyl]-3-[4-(pheny]methyl)-1- 
piperidinyl]-1 -propanone (1:1) molar (R)-a-hydroxy-benzeneaceiate and allowed to crystallize at room 
temperature for 18 hrs. The crystals were separated by filtration, washed with cold acetone and dried to 
yield 26.3 g (84%) of (R)-2-methyl-1-E4-(phenyl-methoxy)phenyl]-3-[4-(phenylmethyl)-1-piperfdinyl]-1 -pro- 
panone (1:1) molar (R)-a-hydroxybenzeneacetaie salt, m,p. 136-1 38 °C. The analytical sample was re- 

io crystallized from acetone, m.p. 136-1 38 • C, fog 5 -41 .2 • (C 1 .00 methanol). 

EXAMPLE 14 

(R)-2-Methy 1-1 -[4-(pheny Imethoxy )phenyl]-3-[4-(pheny ImethyQ-l -piperldiny l]-1 -propanone 

15 

(R)-2-Methy[-1 -[4-(phenylmethoxy)phenyl]-3-E4-(phenylmethyl)-1 -piperidi nyl>1 -propanone (1 :1 ) molar 
(R)-a-hydroxybenzeneacetate, 26.3 g (0.045 mol) was suspended in water (100 ml) and decomposed with 
dilute ammonium hydroxide. The resulting suspension was extracted with methylene chloride (3x200 ml). 
The combined methylene chloride solutions were washed with water (100 ml), dried (MgS04) and removal 

20 of the solvent gave 18.7 g (96%) of (R)-2-methy]-1-[4-(phenylmethoxy)phenyi]-3-[4-(phenyfmethyl)-1- 
piperidinyl]-1 -propanone, b.p, 227-231 °G (0.05 mmHg), [«]g 5 -9.1 s (C 1.00 methanol). 

0.7 g (0.0016 mol) of the above base in ethyl acetate was treated with hydrogen chloride (anhydrous) to 
give 0.71 g (93%) of (R)-2-Methyl-1-[4-(phenylmethoxy)phenylJ-3-[4-(phenyfmethyl)]-1 -propanone mon- 
ohydrochforide, m.p. 197-199*C. The analytical sample was recrystallized from ethanol, m.p. 1 97-1 99 'C, 

25 [«]g 3 -22.7 * (C 1 ,00 methanol). 

EXAMPLE 15 

[R-(R"S*)hg-(4-HydroxyphenyQ-^-methyl-4-(phenylmethyi)-1-piperidinepropanol 

30 

A solution of 5,0 g (0.013 mol) of (S)-2-methyl-1-[4-(phenyfmethoxy)phenyi]-3-[4-(phenylmethyl)-1- 
piperidrnyl]-1 -propanone in 100 ml of acetic acid was hydrogenated over 1,5 g of palladium on carbon 
(10%) at room temperature and 50 psi for 17 hrs. The catalyst was removed by filtration, the filtrate was 
concentrated in vacuo and the residue was partitioned between ethyl acetate and dilute ammonium 

35 hydroxide. The ethyl acetate extracts were washed with brine, dried (MgSCM and the solvent was removed 
to give 3.3 g of diastereomeric alcohols in a ratio of 9:1. To 3.3 g (0.0097 mol) of the crude base in acetone, 
was added 1 .2 g (0.0098 mol) of benzoic acid. The resulting crystals were collected to give 3.7 g (62%) of 
[R-(R*S")I-a-(4-hydroxyphenyl)-jS-methyl-4-(phenylmethyl)-1-piperidinepropanol benzoate, m.p. 171-172 B C, 
[«]g 5 + 15.5 • (C 1.00 methanol). 

40 1.0 g (0.0021 mo!) of the above salt was partitioned between ethyl acetate and dilute ammonium 
hydroxide. The ethyl acetate solutions were washed with brine and dried (MgSCU), Removal of the solvent 
gave a residue, which was crystallized from ether-hexane to yield 0.7 g (91%) of [R-(R*S*)]-«-(4-hydrox- 
yphenyl)^-methyf-4-(phenylmethyl)-1-piperidinepropanol f m.p. 107-1G8 6 C, [or]§ 5 + 32.5* (C 1.00 metha- 
nol). 

45 To 0.17 g (0.0005 mol) of the above base in acetone was added 0.08 g (0.0005 mol) of p-chlorobenzic 
acid. The resulting crystals were collected to provide 0.16 g (65%) of [R-(R*S*)]-a-(4-hydroxyphenyl)- l S- 
methyl-4"(phenyfmethyl)-1-piperidinepropanol 4-chforobenzoate. The analytical sample was recrystallized 
from acetonitride, m.p. 140-1 42 °C, [a]g 5 + 14.5° (C 1.00 methanol). 

so EXAMPLE 16 

[S-(R*S^I-a-(4-Hydroxypheny])-ig-methyl]-4-(phenylmethyl)-1-piperidinepropanol 

A solution of 5.0 g (0.013 mol) of (R)-2-methyf-1-[4-(phenyimeihoxy)phenyl-3-[4-(phenylmethyl)-1- 
55 piperidinyl]-1 -propanone in 100 ml of acetic acid was hydrogenated over 1.5 g of palladium on carbon 
(10%) at room temperature and 50 psl for 17 hrs. The catalyst was removed by filtration, the filtrate was 
concentrated in vacuo and the residue was partitioned between ethyl acetate and dilute ammonium 
hydroxide. The ethyl acetate extracts were washed with brine, dried (MgSO^) and the solvent was removed 
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under reduced pressure to give 3.0 g of diastereomeric alcohols in a ratio of 9:1 . To 3.0 g (0.0088 mol) of 
crude base In acetone was added 1 .0 g (0.0088 mol) of benzoic acid. The resulting crystals were collected 
to give 3.6 g (60%) of pure ES-(R*S^-(4-hydroxyphenyO^ 
benzoate, m.p. 171-172*0, [ttjj 6 - 15,2° (C 1.00 methanol). 
6 1-0 g (0.0021 mol) of the above base was partitioned between ethyl acetate and dilute ammonium 
hydroxide- The ethyl acetate solution was washed with brine and dried (MgSO+). Removal of the solvent 
and after recrystaliization from ether-hexane gave 0.7 g (91%) of [S'(R*S*)]-a-(4-hydroxyphenyl)-jS-methyf-4- 
(phenylmethyl)-1-piperidinepropanol 7 m.p. 107-108*0, Hg 5 ■ 32.5° (C, 1.00, methanol). 

to EXAMPLE 17 

Racemization of (R)-2-Methyl-1 -[4-(phenylmethoxy$pheny I j-3-[4-(phenylmethyl)-1 -piperidinyl]-1 -propanone 

To 0.5 g of sodium hydroxide in 8.0 ml of methanol was added 0.5 g (0.001 mol) of (R)-2-methyl-1 -[4- 
75 (phenylmethoxy)phenyl]-3-[4-(phenylmethyl)-1-piperidinyl]-1 -propanone - 10.5° (C, 1.00, methanol)]. 
The reaction mixture was heated at reflux for 17 hrs then cooled to room temperature and diluted with brine. 
The aqueous suspension was extracted with ethyl acetate. The ethyl acetate solution was washed with 
brine, dried (MgSO+) and the solvent was removed under reduced pressure to give 0.4 g (80%) of crude 
rac.-2-[methyl-1-[4-(phenylmethoxy)phenyl]-3-[4-(phenylmethyl)-1-piperidinyl]-1 -propanone I[*3d 5 - 0.25° (C, 
20 1 .00, methanol)]. 

0.4 g (0.001 mol) of the above base on treatment with hydrogen chloride (anhydrous) in ethyl acetate 
afforded 0.35 g (65%) of rac.-2-[methyl-1-[4"(phenylmethoxy)phenyl]-3-[4-{phenylmethyl)-1-piperidinyl]-1- 
propanone monohydrochloride m.p. 192-193° C. . 

25 EXAMPLE 18 

rac-1 -(4-Benzy loxypheny l)-2-methy i-3-[4-(pheny Imethy l)-1 -piperidinyl]-1 -propanone 

A mixture of 9.6 g (0.04 mol) of 4-ben2y!oxypropiophenone, 1.2 g of paraformaldehyde, 1.75 g (0.01 
30 mol) of 4-benzyfpiperidine hydro-chloride and 1 mf of concentrated hydrochloric acid in 40 ml dimethyl- 
formamide was stirred and heated at 55-60 °C for 17 hours. The reaction mixture was poured onto about 
200 ml 1N hydrochloric acid, then precipitate was filtered, and the solids were washed with ethyl acetate 
(200 ml). The aqueous solution was made basic with concentrated ammonium hydroxide and extracted with 
ethyl acetate. The combined ethyl acetate solutions were washed with brine, then dried (MgSCK) and 
55 removal of the solvent gave the crude base, which was chroma-tographed on silica gel (70 g), Elution with 
ethyl acetate, fractions 8-17 afforded, after removal of the solvent, 6.0 g (60%) of rac.-1-(4-benzylox- 
yphenyl)-2-methy!-3-[4-(phenylmethyl)-1-piperidinyl]-1 -propanone, b.p. 220-222 0 C (0.005 Hgmm). 

6.0 g of rac.-1-(4-benzyfoxyphenyl)-2-methyl-3-[4-(phenylmethyl)-1"piperidinyl]-1 -propanone (0.014 mol) 
in acetone, on treatment with hydrogen chloride (anhydrous) afforded 6.0 g (92%) of rac.-1-(4-benzylox- 
40 yphenyl)-2-methyl~3-[4-(pheny!rnethy!)-1 -piperidinyl J-1 -propanone* HC1 , m.p. 1 97-1 98 • C. 

EXAMPLE 19 

rac.-erythro- and threo-g-(4-Hydroxyphenyl)-ff-methyl-4-(phenylmethyl)-1 -piperidinepropanol 

4S 

A mixture of 1.0 g (0.0025 mol) of rac.-1-(4-benzyloxyphenyl)-2-methyl-3-I4-(phenyl-methyl)-1- 
piperidinyl]-1-propanone«HC1 in 100 ml of ethanol was hydrogenated over 0.4 g of palladium on carbon 
(10%) at room temperature and 50 psi for 17 hours. The catalyst was removed by filtration and the filtrate 
was concentrated in vacuo to give 0.7 g of a mixture of diastereomeric salts rac.erythro-a-{4-hydroxy- 

so phenyl)-j9-methyl-4-(pheny!methyl)-1-piperidinepropanol» HC1 and rac,-threo-a-(4-hydroxyphenyl)-£-methyh 
4-(pheny!methy!)-1 -piperidinepropanol* HC1, which afforded, after crystallization from acetone-methanol, 0.5 
g (61%) or pure rac.ery thro-a-(4-hydroxy-phenyl)-jff-methyl-4-(pheny Imethy 1)-1 -piperidinepropanol hydro- 
chloride as the hydrate, m.p. 185-1 86 a C. 

A crude mixture of the diastereomeric salts, rac.-erythro-a-(4-hydroxyphenyl)-^-methyl-4-(phenyl- 

55 methyl)-1-piperidine-propanol *HC1 and rac.-threo-«-(4-hydroxyphenyl)-^-methyl-4-(phenylmethyl)-1- 
piperidinepropanol-HC1, 0.5 g (0.0013 mol), obtained from a separate run was partitioned between 
methylene chloride and dilute ammonium hydroxide. The methylene chloride solution was washed with 
brine, dried (MgSO*) and the solvent was removed under reduced pressure to give 0,3 g (67%) of a mixture 
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of diastereomeric alcohols, racrerythro-a-(4-hydroxyphenyl)-jff-methyl-4-(phenyi-methyl)-1- 
piperidinepropanol and racrthreo-a-(4-hydroxy-pheny])-j3-methyl-4-(phenylmethyl)-1-piperidinepropanol in a 
ratio of 5:1, which was chromatographed on silica gel {12 g). Elution with chloroform-methanol-water 
(90:15:10, v/v), fractions 6-14 afforded, after removal of the solvent and recrystaliization of the residue from 
5 ether-hexane, 0.2 g (60%) of pure rac.-erythF0-ar-(4-hydF0xyphenyl)-j5-rnethyl-4-(phenylmethyl)-1- 
pjperidinepropanol, m.p. 150-151 °C, 

EXAMPLE 20 

w rac.-1 -(4-Chioropheny Q-2-methy l-3-[4-(phenylmethy -piperidinyl]-1 -propanone 

A mixture of 6.7 g (0.04 mol) of 4-chloropropiophenone, 1 ,2 g of paraformaldehyde, 8.4 g (0,04 ml) of 4- 
benzylpiperidine hydrochloride in 40 ml dimethylformamide was stirred and heated in 55-60 *C for 20 
hours. The reaction mixture was poured onto 1N hydrochloric acid and the precipitate was separated by 

15 filtration. The crude rac,-1-(4-chloro-phenyl)-2-methy[-3-[4-(phenylmethyl)-1-piperidinyl]-1 -propanone *HC1 
was partitioned between ethyl acetate and dilute ammonium hydroxide. The ethyl acetate solution was 
washed with brine, then dried (MgSCh) and removal of the solvent gave 5.0 g (35%) of rac.-1-(4- 
chlorophenyl)-2-methyl-3-[4-(phenylmethyt)-1-piperidinyl>1 -propanone. For analysis a sample of this com- 
pound was distilled, b.p. 200-205 "C (0.06 Hgmm). 

20 5.0 g (0.014 moi) of rac.-1-(4-chlorophenyl)-2-methy!-3-[4-(phenylmethyl)-1-piperidinyl]-1 -propanone on 
treatment with hydrogen chloride (anhydrous) in acetone gave 4.2 g (75%) of rac.-1-(4-chlorophenyl)-2- 
methyl-3-[4-(phenyfmethyl)-1-piperidinyl]-1 -propanone* HC1, m.p, 199-200*C. Analytical sample was re- 
crystallized from acetone, m.p. 204-205 *C. 
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rac.-1-(2-Methyl-3-phenylpropyl)-4-(phenylmethyl)piperidine 

A mixture of 2.0 g (0.005 mol) of rac.-1-(4-chlorophenyl)-2-methyl-3-[4-(phenylmethyl)-1-piperidinyi]-1- 
30 propanone-HC1 in 150 ml of warm ethanol was hydrogenated (Parr Hydrogenator) over 0.8 g of palladium 
on carbon (10%) at room temperature and 50 psi fpr 17 hours. The catalyst was removed by filtration and 
the solvent concentrated to a low volume and to the mixture acetone was added. The crystals were 
separated by filtration, yield of rac.-1-(2-methyl-3-phenylpropyl)-4-(phenylmethyl)piperidine-HC1 is 1.0 g 
(56%), m.p, 177- 178* C. For analysis a sample of this compound was recrystallized from ethanol-acetone, 
35 m.p, 177-1 78" C. 

An aliquot of the above salt rac.-1-(2-methyl-3-phenylpropyl)-4-(phenylmethyl)piperidine-HCl was con- 
verted to the free base using ammonium hydroxide as base and ethyl acetate for extraction. For analysis, 
the base rac.-1-(2-methyl-3-phenylpropyl)-4-(phenylmethyl)piperidine was distilled, b,p. 168-170 °C (0.05 
Hgmm). 
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Tablet Formulation (Wet Granulation) 


Item 


Ingredients 


mg/tablet 








5mg 


25mg 


100mg 


500mg 




1. 


(R* l S*)-rac-a-(4-Hydroxyphenyl)-j3-methyl-4-(phenylm' 


5 


25 


100 


500 


10 




ethy -piperidinepropanol 












2. 


Lactose Anhydrous DTG 


125 


105 


30 


150 




3. 


Sta-Rx1500 


6 


6 


6 


30 




4. 


Microcrystalline Cellulose 


30 


30 


30 


150 




5, 


Magnesium Stearate 


1 


1 


1 


1 


15 




TOTAL 


167 


167 


167 


835 




Manufacturing Procedure: 












1 . Mix items 1 , 2, 3 and 4 and granulate with purified water. 












2. Dry the granulation at 50 0 C. 
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3. Pass the granulation through suitable milling equipment. 












4. Add Item 5 and mix for three minutes; compress on a suitable press. 









EXAMPLE 23 



Capsule Formufation 


Item 


Ingredients 


mg/tablet 






5rng 


25mg 


1G0mg 


500mg 


1. 


(R*,S*)-rac-a-(4-Hydroxyphenyl)-j3-methyl-4-(phenyim- 


5 


25 


100 


500 




ethyl)-1-piperidinepropanol 










2, 


Hydrous Lactose 


159 


123 


148 




3. 


Corn Starch 


25 


35 


40 


70 


4 


Talc 


10 


15 


10 


25 


5. 


Magnesium Stearate 


1 


2 


2 


5 




TOTAL 


200 


200 


300 


600 


Manufacturing Procedure: 










1. Mix Items 1, 2, and 3 in a suitable mixer for 30 minutes. 










2. Add Items 4 and 5 and mix for 3 minutes. 










3. Fill into a suitable capsule. 
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EXAMPLE 24 



Tablet Formulation (Wet Granulation) 


Item 


Ingredients 


mg/tablet 






5mg 


25mg 


lOOmg 


SOOmg 


1. 


[S-(R*,S-)] 


5 


25 


100 


500 




-«-(4-Hydroxyphenyl)-jS-methyl-4-(phenylmethyl)-1'piperi' 












dinepropanol 










2. 


Lactose Anhydrous 


125 


105 


30 


150 


3. 


Sta-Rx 1500 


6 


6 


6 


30 


4. 


Microcrystalline Cellulose 


30 


30 


30 


150 


5. 


Magnesium Stearate 


1 1 


2 


2 


5 




TOTAL 


167 


167 


167 


835 


Manufacturing Procedure: 










1. Mix Items 1, 2, 3 and 4 and granulate with purified water. 










2. Dry the granulation at 50 * G. 










3. Pass the granulation through suitable milling equipment 










4. Add Item 5 and mix for three minutes; compress on a suitable press. 









Claims 

1. A compound of the formula 




wherein 

R is hydrogen, hydroxy, or aryl lower alkyloxy; 
X is hydrogen; 
Y is hydroxy or hydrogen; 
or both X and Y taken together are oxygen; 
Z is aryl lower alkyl; and 
m is an integer from 1 to 4 

or a diastereomer or an enantiomer thereof, except, the R,R diastereomer of formula I, wherein X is 
hydrogen, Y is hydroxy, R is benzyloxy, Z is benzyl, and m is 1, 
or pharmaceutical^ acceptable salts thereof, 

2, A compound according to Claim 1, wherein m Is 1 or 2. 

3, A compound according to Claim 2, wherein R is hydrogen or hydroxy, Y is hydroxy and Z is benzyl or 
phenylethyl. 

4, A compound according to Claim 3, wherein R is hydroxy, Z is benzyl and m is 1- 

5, (R* > S*)-rac.-a-(4-Hydroxyphenyl)-^-methyl-4-{phenylmethyl)-1-piperidinepropanol. 

6, [R-(R*,S*)]-c-{4-Hydroxyphenyl)-^-methyl-4-(phenylmethyl)-1-piperidinepropanol. 
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7. [S-(R\S^]^(4-Hydroxypheny^ 

8. (R*,S>rac.-j8-Methy l-a-[4-(pheny 1 methoxy)pheny i]-4-(pheny I- met hy l)~1 -piperidinepropanol ; 

(^S^-rac.>a-(4-hydroxyphenyl)-jff-methyl-4-(phenylmethyl)-1 -piperidinepropanol; 
rac.'4-[2-methyl-3-[4-{phenyimethyl)-1-piperidinyl]propyl]-p?i8nol; 
(R^S^-rac.-a-(4-hydroxyphenyl)-i3■met^1y]-4-(phe^ylmethyl)-1■piperidinebutanol; 
rac.-4-[2-methyl-4-[4-(phenylnnetJiy])-1-piperfdinyi]buty!]-phenoi; 

(S)-2-methyM -[4-(pheny(me1hoxy)phenyf]-3-E4-(phenylmethyl)-1 -piperidinylj-1 -propanone; 
[R-{^S^3-a-{4-hydroxypheny!)-jg-methyl-4-(pheny[methyl)-1-piperidinepropanol; 
[S-(R*, S*)]-a-(4-hydroxy pheny l)-)S-methy f-4-(phenylmethy -piperidi nepropanoi; 
rac.-(2-methyj-3-phenyipropyJ)-4-(pheny!methyl)piperidine and 
^R>rac-a-(4-hydroxyphenyl)-j$-me%^ 

9. A compound of the formula 



O 




vn 



wherein Z is aryl lower alky] and ml is an integer from 1 to 3. 



10. A compound of the formula 



HO 




vm 



wherein ml is an integer from 1 to 3 and Z is aryl fower alky!. 



11, A compound of the formula 



O 



Hal 




xn 



wherein Hal is halogen, ml is an integer from 1 to 3, and Z is aryl lower alky I. 



12. A compound of the formula 




wherein m 1 is an integer from 1-3 and Z is aryl lower alky I. 



13. A compound of the formula 
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OH 



Hal 




XIV 



wherein Hal is halogen, ml is an integer from 1 to 3 and Z is aryl lower alkyL 



14. A compound of the formula 



OH 



Hal 




<CH2) ml m \_ 7 



XV 



wherein Hal is halogen, ml is an integer from 1 to 3 and Z is aryl lower alky I. 

15. Compounds in accordance with any one of Claims 1-8, for use as therapeutically active substances. 

16. Compounds in accordance with any one of Claims 1-8 for use in the treatment of neurodegenerative 
diseases, such as ischemia, stroke and hypoxia. 

17- A process for the manufacture of a compound in accordance with any one of Claims 1-8, which 
comprises 

a) for the manufacture of compounds of the formula 



o 




wherein R and Z are as in Claim 1, 
reacting a compound of the formula 



0 




II 



wherein R is as in Claim 1, 
with a compound of the formula 




III 



wherein Z is as in Cfaim 1, 
and with paraformaldehyde, or 
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b) for the manufacture of compounds of the formula I, wherein X and Y are hydrogen, cataiytically 
hydrogenating a compound of the formula I, wherein X and Y taken together and are oxygen, fn the 
presence of a suitable catalyst such as palladium on carbon, or 

c) for the manufacture of compounds of the formula I, wherein X is hydrogen and Y is hydroxy, 
reducing a compound of the formula I, wherein X and Y taken together and are oxygen, with 
hydrogen in the presence of a suitable catalyst such as palladium on carbon, or with a complex 
alkali metal hydride, such as lithium aluminium or potassium borohydrlde, or 

d) for the manufacture of compounds of the formula I, wherein X and Y are hydrogen, reducing a 
compound of the formula I, wherein X is hydrogen and Y is hydroxy with borane methylsulfide 
complex, or 

e) for the manufacture of compounds of the formula I, wherein R is OH, debenzylating a compound 
of the formula I, wherein R is benzyloxy, or 

f) for the manufacture of compounds of the formula I, wherein R is aryl lower alkoxy, reacting a 
compound of formula I, wherein R is hydroxy, with a corresponding aryl alkylhalide, or 

g) for the manufacture of compounds of the formula I, wherein X and Y are taken together and are 
oxygen, oxidizing a compound of the formula I, wherein X and Y are hydrogen or X is hydrogen and 
Y is hydroxy, or 

h) for the manufacture of compounds of the formula I, wherein X and Y are hydrogen or X is 
hydrogen and Y is hydroxy, reducing a compound of the formula 



wherein R, X, Y and Z are as in Claim 1 and ml is 1-3, 
with a complex alkali metal hydride or borane methylsulfide, or 

i) for the manufacture of compounds of the formula I, wherein R is hydrogen, dehalogenating a 
compound of the formula 



wherein X, Y, Z and m are as in claim 1 and Ha! is halogen, 
with hydrogen in the presence of a suitable catalyst such as palladium on carbon, or 
j) for the manufacture of optically pure compounds of the formula I resolving a racemic mixture into 
its enantiomeric components, or 

k) for the manufacture of racemic compounds of the formula I, wherein X and Y are taken together 

and are oxygen, racemizing an corresponding optically pure compound, and 

I) if desired, converting a compound of formula I into a pharmaceutically acceptable salt. 

18. A medicament containing a compound in accordance with any one of Claims 1-8 and a therapeutically 
inert excipient. 

19. A medicament reducing adverse effects of neurotoxic injury to central neurons in accordance with 
Claim 18 for the control or prevention of neurodegenerative diseases, such as ischemia, stroke and 



20. The use of a compound in accordance with any one of Claims 1-8 in the control or prevention of 




xvm 




IXX 



hypoxia. 



illnesses. 
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21. The use of a compound in accordance with any one of Claims 1-8 reducing adverse effects of 
neurotoxic injury to central neurons in the control or prevention of neurodegenerative diseases, such as 
ischemia, stroke and hypoxia, 

22, The use of a compound in accordance with any one of Claims 1-8 for the manufacture of pharmaceuti- 
cal compositions against neurodegenerative diseases, such as ischemia, stroke and hypoxia. 
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